Abstract-Investigations on B chromosomes found for the first time for Picea abies (L.) H. Karst. have been conducted. Seeds of Picea abies from two populations of Western Rhodopes (Bulgaria) located at the southern border of species range, and protected according to Bern Convention and EC Habitat Directive were collected for this study. Mixoploidy was detected in some germinating seeds of Picea abies. It was found that metaphase cells of germinating seeds contain 0-4 B chromosomes of both metacentric and submetacentric types. The vari ability of B chromosomes number and their occurrence was observed. Along with B chromosomes, some chro mosome aberrations such as fragments and ring chromosomes were revealed in metaphase cells of Picea abies from studied populations. The possible adaptive role of B chromosomes presence for Picea spp. is discussed.
INTRODUCTION
Supernumerary (B) chromosomes are dispensable extra chromosomes found only in some individuals of populations from different systematical groups of plants. B chromosomes fail to pair or recombine with any A chromosomes in meiosis. They are often mor phologically distinct, usually smaller than A chromo somes, and can show variation of their number both within one individual and between individuals [1] . B chromosomes are most widespread among conifers of genus Picea. Presently B chromosomes were revealed in 14 species of Picea A. Dietr. [2] . Initially, B chromo somes were discovered in Picea obovata Ledeb. and Picea sitchensis (Bong.) Carr. [3, 4] . B chromosomes and their occurrence are well studied in different prov enances of Picea obovata [3, [5] [6] [7] [8] [9] . In spite of detailed earlier karyological studying B chromosomes were not detected in the closely related Picea abies (L.) H. Karst. to date [10] [11] [12] [13] [14] [15] , though they were found in populations of interior spruce Picea × fennica (Regel) Kom., growing in the introgression zone between Picea obovata and Picea abies [16] . The objective of this study was to analyze B chromosomes found for the first time in Picea abies in two populations from West ern Rhodopes (Bulgaria).
MATERIALS AND METHODS

Picea abies (Norway spruce) grows in Middle
Europe from the Western Alps to Baltic countries, the 1 The article is published in the original.
Ukrainian Carpathians and south western regions of Russia to the east, and from the northern part of Scan dinavian Peninsula to the Rhodopes in the south [17] . Natural spruce forests in Bulgaria occupy about 75000 ha. Their location is related, mainly, to the Rila Rhodope mountain region where they play an important eco logical and economic role [18] . The Rila Rhodope region is the southern border of natural Picea abies range. It is known that Picea abies forests on the Bal kan Peninsula are of very ancient origin [19] . Accord ing to Fukarek [20] and Alexandrov [21] the species growing in the mountains of Balkan Peninsula is more polymorphic in comparison with the other parts of its range, which could be due to the fact that the popula tions here remained almost unaffected by the last gla ciations.
First of the studied population of Seeds of Picea abies from two populations Chark ovi livadi and Drangov kamak were collected. The seeds were germinated on water moistened filter paper at 24°C. Germs with 1-2 cm roots were pretreated by 1% colchicine solution for 4-6 h at 24°C, fixed in a mixture of absolute ethanol/glacial acetic acid (3 : 1), and stored at -20°C. The samples were stained with 1% aceto hematoxylin. Root tip meristem cells were used for the study. After staining the root tips were squashed in a drop of 60% chloral hydrate solution. The metaphase plates were examined and photo graphed in oil immersion using the Zeiss Axiostar plus microscope. Chromosomes were studied in metaphase cells presenting the complete chromosome set.
RESULTS AND DISCUSSION Diploid set of 24 (A) chromosomes (2n = 2x = 24) was found in root meristems of Picea abies from the two populations studied. The data confirm the results of previous studies on the chromosome numbers of Picea abies from other populations of Bulgaria [22, 23] . Diploid chromosome number 2n = 24 was found in different parts of the species' distributions, like Estonia, Lithuania, Romania, Czech Republic and Canada [5, 10, 11, 13] .
Mixoploidy was found in some germinating seeds both from Drangov kamak and Charkovi livadi popu lations: in separate metaphase cells triploid (2n = 3x = 36) and tetraploid (2n = 4x = 48) chromosome num bers were revealed (table, Fig. 1 ), while the majority of cells had diploid chromosome number (2n = 2x = 24). Earlier, the presence of mixoploids was reported for Picea abies populations from Sweden, Czech Republic and France [14, 15, 24] .
B chromosomes were found in the metaphase cells in both Picea abies populations. The absolute length of B chromosomes was about 20-30% of A-chromo some length. Simultaneously, the triploid and tetrap loid cells were observed in some root tips, which con tained B chromosomes. Supernumerary chromo The results of analysis of B chromosome number and their occurrence in Picea abies are summarized in the table. B chromosomes presence and their number were unstable in germinating seeds from both popula tions of Picea abies. The seeds from Charkovi livadi contained 0-4 B chromosomes, while these from Drangov kamak had 0-2 B chromosomes (Fig. 2a-g ). Presence and occurrence of B chromosomes greatly varied among seeds from the two populations of Picea abies. Increase of the number and occurrence of B chromosomes and their maximum presence was observed in the population Charkovi livadi (table).
In both populations of Picea abies, particularly in Charkovi livadi, B chromosome number varied in one and the same germinating seed (table, Fig. 2h) . In pre vious studies on different Picea species presence of constant B chromosome number for each individual was observed. Most often they had been found in all the cells, but could be observed only in some of them [3-5, 7, 13, 26-28] .
The results of distribution of metaphase cells in number of chromosomes in them in studied Picea abies provenances are presented in Fig. 4 . Among cells possessing B chromosomes cells with 1B chromosome were found more frequently, cells with 2B chromo somes were found seldom, and cells with 3-4B chro mosomes were found most rarely.
According to other studies, the highest number of B chromosomes in spruce species is found in Picea glauca (Moench) Voss (1-6B), Picea glehnii (Fr. Schmidt) Mast. and Picea sitchensis (1-5B), and also in Picea obovata (1-4B), but the individuals with more than one or two B chromosomes were met, as a rule, seldom [3, 8, 25, [28] [29] [30] . This trend may be due to the unfavourable effects of the high number of B chromosomes. For example, low pollen fertility was revealed in Picea obovata individuals with 3-4B chro mosomes [31] . In Picea sitchensis, as the number of B chromosomes increases, a progressive slowdown of female flowering was observed [30] . At the same time, the availability of B chromosomes may play some pos itive role. According to some studies the process of seed germination was accelerated in Picea glauca and Picea obovata with B chromosomes [8, 25] . As for Picea abies from Charkovi livadi and Drangov kamak, the seeds with B chromosomes germinated 3-4 days earlier than these without B chromosomes.
Variability of B chromosomes number and their occurrence owing to their provenance, accumulation mechanisms and adaptive role in plant populations, including conifers, have been discussed in some reviews [1, 27, 32, 33] . B chromosomes of plants have an irregular and non Mendelian way of inheritance. The variability of B chromosome number in popula tions of conifers is regulated by accumulation and elimination which proceed at formation of reproduc tive structures. Study of inheritance of supernumerary chromosomes in Picea obovata with different numbers of B chromosomes at open pollination has shown their transmission to the progeny both in male and female lines [27, 31] . The controlled cross performed among Picea sitchensis with known B-constitution has shown that the transmission of B chromosomes to the pro geny is determined by their distribution between the male and female parents. The "accumulative" behav iour of B chromosomes may vary in the male and female lines depending on the actually existing num ber of B chromosomes [30] .
B chromosomes probably can impact the adaptive potential of individuals, which is shown by increase of genome variability level and also by increase of popu lation polymorphism [32, 34] . Picea populations with variable number of B chromosomes are genetically more polymorphic. Emergence of B chromosomes increases DNA amount in the nuclear genome [1] . According to Teoh et al. [25] , one B chromosome increases DNA amount by 2.7% in Picea glauca. As a whole, the trend of increasing the nuclear DNA amount in plants under unfavourable environmental conditions has been revealed for conifers [35] [36] [37] .
The information accumulated so far shows that B chromosomes distribution and occurrence are related to fluctuations of environmental factors for all species of Picea genus. It was established that the northern border of B chromosomes distribution of Picea sitch ensis in the North America coincides with the perma frost line, and the highest B chromosomes occurrence is found in the regions with minimum precipitation and high summer insolation [29] . Decrease of B chro mosomes occurrence of Picea glauca was observed from the east to the west in regions of North America. Such variability is considered as adaptive one and as a reason of different mortality of plants with and without B chromosomes under specific environmental condi tions [25] . Maximum occurrence and the highest number of B chromosomes was observed in Picea obo vata populations from the eastern part of the range, particularly in regions with severe climate of Central and East Siberia. In many cases B chromosomes appearance in Picea obovata populations was related to the extreme growing conditions [8, 9, 27] .
Probably B chromosomes occurrence in marginal Picea abies populations from Charkovi livadi and Drangov kamak growing at the southern border of spe cies range is connected with adaptation of plants to the environmental conditions. A serious factor for induc tion of B chromosomes could be the fact that the region of study was subjected to substantial anthropo genic pressure due to uranium extraction industry and natural radioactivity background. The studies per formed in the period 1993-2011 have shown that there is increased concentrations of radionuclides U238 and Ra226 in the soils and raised beta activity, an emanation of Rn222, resulting from the outfalls of mining activity and the rocks making the surrounding hills [38] [39] [40] . Some chromosome mutations have been revealed in metaphase Picea abies cells from both studied popu lations. They are presented by fragments and ring chromosomes (Fig. 4) 
